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Abstract-- Wastewater-reuse  engineering  was  designed,  and  then 
operated  in  Hongshan,  a  small  town  in  Zhej iang  province,  China,  in 
order  to  solve  pollut1on  and  shortage  of  water  resources  due  to  the 
development  of  town  enterprises.  The  results  showed  that  series 
structure  design  and  cycling  model  may  be  two  effective modes  of  saved 
water  and  pollutant-cuts,  and  wetland  strategy  should  be  a  component 
part  of  the  integrated planning  for  town-enterprise  wastewater  reuse. 
This  case  study  can  provide  a sound  basis  for  the  optimum  utilization 
and  pollution  avoidance  of  water  resources. 
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INTRODUCT lON 
In  the  People's  Republic  of  China, aquatic  environment  is  becoming 
deteriorated  and  water  demand  has  steadily raised with  the  expansion  of 
town  enterprises.  Chinese  National  Environmental  Protection Agency  had 
to  accept  the  fact  that  countryside  water  quality  in  1993  was 
inferior  to  that  in  992,  and  envir.onmental  problems  from  water 
pollution  have  adverse  influefices  on  the  further  and  sustainable 
development  of  town  enterprises  [t-al,  Some  investigations  also  pointed 
out  that  some  town  enterprises  exhaust  wo.hr  and  discharge  wutewahr 
258 in  great  n.mnbers,  and  seasonal  water  shortage  has  taken  place  even  in 
the  south  with  rich water  resources  r a- 41  •  It  is  reported  that 
industrial wastewater  discharge  is  more  than  lXlO 
9  tons  only  in 
Zhejiang  province  with  flourishing  town  enterprises[s, 
41
• 
Wastewater  reuse  may  be  a main  trend  to  mitigate  the  contradiction 
of  water  pollution  and  shortage  at  present  and  in  the  future.  Some 
researchers  have  agreed  that  wastewater  reuse  is  a very  good  method  to 
solve  the  pollution  and  shortage  of  water  if  a  successful  integrated 
planning  can  be  designed  r•-81 •  Therefore,  Hongshan  town  being  at  a 
distance  of  16km  from  Hangzhou  was  chosen  to  d.emonstrate  the  importance 
of  wastewater  reuse  and  industrial  recycle  of  water  resources. 
SITE  SURVEY 
The  industrial  town  has  evolved  from  an  agricultural  farm  in 
recent  years.  The  change  in  the  structure  and  function  of  production 
and  ecology  has  resulted  in  pollution  and  seasonal  shortage  of  water. 
The  analysis  by  collecting  environmental  and  biological  sample 
pointed  out  that  organic  pollution  of  water  is  a  main  characteristic 
of  all  environmental  problems  in  this  town.  These  organic  pollutants 
include  CODer,  SS,  BOD0 ,  benzene,  phenol,  oils,  pigments,  PAHs,  and  so 
on.  Some  important  parameters  related  to  water  pollution  of  the  town 
were  listed  in  Table  1. 
The  statistical  investigations  showed  that  main  industrial  sources  of 
water  pollution  in  the  town  are  the  Sihua  printing  and  dyeing  plant, 
the  Hongs han  text i 1e  mi 11,  the  j ihua  dye  plant, the  Zh ij iang  switchgear 
plant, and  the  Hongshan  mutt ip le-produc ing  factory.  Moreover,  the  Hongs han 
cement  plant,  the  Hongshan  heat  and  power  plant,  the  marble  plant  and 
the  Sihua  printing and  dyeing  plant  exhaust  water  in  great  numbers, 
because  of  cooling,  washing  and  processing  usage.  Industrial  wastewater 
and  domestic  sewage  have  "sprung  up  "all over  the  place  of  the  town 
(Figure  1),  thereby  resulting  in  water  pollution.  The  rate  of  wastewater 
reuse  was  elose  to  zero,  and  water  usage  lacked  a  systematic  planning, 
thereby  resulting  in  the  wastingness  of  a great  deal  of  water. 
259 Table  1  Some  parameters  related  to  water  pollution  of  Hongshan  town 
.Sources  Main  pollutants  Throughtput  into  environment 
(tons  /  year) 
industrial  discharge 
domestic  sewage 
CODe .. 
BOD., 
ss 
benzene 
phenol 
0 i ls 
NHa-N 
pigments 
PAHs 
CODer 
Nila-N 
ss 
plant  and  animal  oils 
detergents 
agricultural  runoff 
atmospheric  deposition 
pesticides 
cuu 
so:-
No;; 
PAHs 
n+ 
260 
2146 
623 
1779 
4.  36 
0. 27 
6.  18 
18. 9 
I. 31 
0.  16 
0.  02 
41.8 
4.  16 
18.  7 
21.  3 
16. 4 
62. a 
9.  77 
138 
12. 6 
0.  62 
321 
224 
0.  68 
72. 4 Legend: 
--- river 
<(ffJP  pond 
l  - o  water-pollution  enterprise 
6,  11,  l2  water-exhaustion  enterprise 
7 •  10  water  pollution  and  exhaustion 
~  domestic-sewage  source 
Notes 
1 the fine chemical  factory 
2  the Qianjiang ornament  plant 
3  the Jihua dye  plant 
4  the Zijiang switchgear  plant 
5.  the plastic plant 
6  the heat and  power  plant 
7  the Sihua printing and  dyeing plant 
8  the Hongshan  textile mill 
9  the experimental  textile plant 
10  the Hongshan  multiple-producing  factory 
ll.the marble  plant 
12.the cement  pl~nt 
Figure  1  Distribution of  water  body  and  main  industrial  sources  of  water 
pollution and exhaustion 
ENGINEERING  AND  DESIGN 
1.  Series-structure  design 
Our  investigations  showed  that  total  domestic  ~ewage  from  the 
eight  residential  areas  in  this  town  was  up  to  2. 4X 10
6  tons  in  1993. 
In  principle, the  sewage  can  be  considered  as  the  cooling water  for  the 
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--cement  plant  and  the  Hongshan  heat  and  power  plant,  because  some  organic 
pollutants  such  as  detergents,  plant  and  animal  oils,  protein  and 
starch  in  the  sewage  are  easy  to  be  broken  up  with  the  ascent  of  water 
temperature  and  the  cycle  of  sewage  flow.  High-temperatur~  water  from 
the  cement  plant  or  the  heat  and  power  plant  is  also  suited  to  the 
washing  of  marble. 
However,  the  concentration  of  SS  in  the  washing  water  from  the 
marble  plant  is  up  to  4813  mg/1.  The  washing  water  has  to  be  treated 
before  it can  be  reused  by  other  enterprises.  The  experiments  showed 
that  the  cleaner  water  from  the  precipitating tank  can  come  up  to  the 
water  quality  standards  for  printing and  dyeing  usage. 
Therefore,  a  series-structure design  was  determined  as  follows: 
domestic  sewage  cooling  water 
residential  areas  -. the  cement  plant  • 
washing  water  cleaner  water 
the  marble  plant-----~  precipitating  tank------~ 
wastewater 
the  Sihua  printing and  dyeing  plant  ~  treatment  plant 
e leaner  water 
-----~  agricultural  irrigation. 
2.  Drought-waterlogging  coordination  and  cycling model 
In  order  to  meet  the  needs  of  industrial  and  agricul-tural 
production  in  the  dry  season,Hongshan  river,Xianfeng  river  and  Dazhi 
river  should  collect  and  store  enough  water  in  the  rainy  season.  The 
practice  indicated  that  it  is  very  important  and  useful  step  to  avoid 
the  shortage  of  water,  especially  in  the  dry  season.  Moreover,  enough 
water  in  the  there  rivers  can  be  considered  as  the  cooling  water  of 
the  heat  and  power  plant  and  the  cement  plant,  because  the  action  can 
cut  down  expenses  and  save  the  usage  of  tap  water. 
However, water  from  Hongshan  river  or  Xianfeng  river  is  good  for 
cooling  usage  in  the  winter,  because  the  cooling water  from  the  heat 
and  power  plant  should  also  supply  the  heating  for  residential  areas  in 
the  winter.  Generally  speaking, the  heating  water  is  independent  of 
water  quality.  In  the  summer,  this mode  of  water  reuse  is  inapplicable. 
Therefore,  the  cooling  water  from  the  heat  and  power  plant  is 
262 considered  as  shower  water.  Correspondingly, the  cooling  water  should  be 
taken  from  Dazhi  river  with  better water  quality  for  shower. 
According  to  these  viewpoints, a  cycling  model  ( Figure  2)  was 
suggested  by  computer  optimization. 
Hongshan  rlver  water  the  heat  and 
or 
Xianfeng  r her 
---+  power  plant 
,--------,  water 
Dazhl  rlver  -----+  the  heat  and 
power  plant 
cooling  water  cooling  water 
~ 
1 cooled  water 
L------1 residential 
heating  system 
cooled  water .---------, 
L-------1 shower  bath 
(a)  winter  eye le  (b)  summer  eye le 
Figure  2  A  cycling  model  for  saving  water  resources 
3.  Wetland  strategy 
The  central  link  of  wetland  strategy  is  to  extend  the  area  of 
wetland  in  space  and  time.  The  on-site  investigations  suggested  that 
lower  reaches  of  Hongshan  river  are  an  appropriate  area  for  wetland 
construction,  because  organic  pollutants  from  enterprises  converged  in 
this  area  and  some  aquatic  plants  can  assimilate  these  organic 
pollutants.  Pond  should  be  a component  part  of  wetland,  becauie  fishes 
in  pond  can  assimilate  some  organic  pollutants  from  domestic  sewage  and 
agricultural  runoff,  pond  can  used  as  sites for  the  storage  of  rain 
water. 
RESULTS  AND  DISCUSSION 
A systematic  planning  for  water  resources  including  wastewater 
reuse  engineering  may  be  an  effective  countermeasure  to  solve  the 
shortage  and  pollution of  water  resources.  The  case  study  indicated 
that  series- structure  design  and  cycling model  can  not  only  save  the 
usage  of  water,  but  also  cut  down  pollutants  into  environment  (Table  2}. 
In  this  sense,  20  enterprises  in  this  town  should  conform  to  the 
integrated  planning  including  the  two  techniques. 
Wetland  strategy  is  another  effective  way  to  mitigate  pollution  and 
shortage  of  water  resources  in  time.  The  case  study  also  showed  that 
263 wetlands  can  used  as  sites,  not  only  for  the  disposal  of  wastewater  and 
reducing  nonpoint  sources  of  pollution,  but  also  for  the  shortage  of 
rain water  (Table  2).  It is  anticipated that wetland  strategy  will  be 
extensively  adopted  by  towns. 
Table  2  Indexes  of  environmental  benefits  from  engineering 
Saved  water  Pollutant  cuts(tons  I  year) 
Projects  (tons  I  year) 
CODer  BODo  SS  bensene  PAHo• 
Series  structure  7.  32X 10
8  849  232  1107  2.  38 
Cycling  mode 1: 
winter  eye le  1. 83x.to•  68  24  .26 
summer  ctele  1. ux to•  47  12  36 
Wetland  strategy  0.41 
•  The  pollutant  from  non-point  sources. 
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